: An economic method for the fluorescent labeling of PCR fragments. 
Abstract
The study reports the transferability of chloroplast microsatellite markers developed for Pinus species to Cedrus deodara. A total of 49 primer pairs (both nuclear and chloroplast) of Pinus species were tested in C. deodara out of which 21 chloroplast primers showed positive amplification and 20 were found polymorphic. The primers were screened on 100 adult trees of two natural populations of C. deodara. Using twenty cpSSR primers, a total of 64 variants were found which combined in 70 different haplotypes. The total haplotype diversity in two populations was 0.860 and 0.876 with a mean of 0.868. These sets of markers can further be used for population genetic studies and characterization in C. deodara for which no cpSSR markers have been reported till date.
Cedrus deodara (deodar), also known as Indian cedar is the most important among the Indian conifers. It is an important timber species of Western Himalayas at elevation ranging from 1200 m to 3050 m (TIWARI, 1994) . It covers an area of about 0.2 million hectares in India mainly in the states of Jammu & Kashmir, Himachal Pradesh and Uttarakhand. The species is in great demand for its timber and had been subjected to exploitation for centuries. Natural deodar forests are under great pressure not only due to human impact but also due to the changing weather conditions. In spite of the importance of C. deodara forests, limited information is available on their basic biology and genetic variability. As a part of our studies on population genetic analysis of deodar forests of western Himalayas, we report here the results aimed at detecting and testing microsatellites in C. deodara. Microsatellites, or simple sequence repeats (SSRs), show many advantages since they are co-dominantly inherited and are generally highly polymorphic. Furthermore, their transferability between closely related species makes them useful for the genetic studies of related species (WEISING et al., 2005) . Microsatellites could be of great utility not only in determining the levels of genetic diversity but also in unraveling the genetic structure of the populations and in estimating the levels of gene flow (RAO et al., 2006) . Table 1 . -Microsatellite (chloroplast) primer pair sequences, annealing temperature (Tm), product size and repeat motifs that showed positive amplification in Cedrus deodara.
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Adopted from * VENDRAMIN et al. (1996) , ^P ROVAN et al. (1999 ) Ginwal et. al.·Silvae Genetica (2011 60-2, 65-69 Table 2 . -Haplotype frequency (sorted by overall abundance) in two populations of Cedrus deodara. In the first column the allele size at each of the twenty cpSSR loci studied. In the last column overall frequency of haplotypes is reported. The development of simple sequence repeats (SSRs) from genomic DNA is costly, labor-intensive and timeconsuming process (CHABANE et al., 2005) . Moreover, SSR discovery from genomic libraries has proved problematic in conifers, with a low return for effort (RAJORA et al., 2001; HODGETTS et al., 2001) . This is deemed to be because of the large size and repetitive nature of the conifer genome. Hence, microsatellite transfer across the species is a valued methodology. It has been shown that closely related species are more likely to share microsatellite-priming sites than more distantly related ones, but it is possible to transfer microsatellite primers even from distantly related species (LORIEUX et al., 2000) .
We examined the transferability of cpSSRs and nuclear SSRs from C. atlantica, Pinus thunbergii, P. resinosa, P. taeda and P. sylvestris to C. deodara and their characteristics in C. deodara. Earlier CHAIB et al. (2006 ), FADY et al. (2003 , FADY et al. (2008) and TERRAB et al. (2006) demonstrated that pine cpSSRs Pt15169, Pt63718, Pt71936, Pt87268, Pt26081, Pt36480 and Pt110048 can be amplified in Cedrus. They were not tested in C. deodara, but this was a good indication that their transferability to C. deodara can be possible. Here we report the successful transfer of primer pairs designed for the amplification of microsatellite loci in different Pinus species to a member of the same family but separate genus, C. deodara. This is the first report wherein cpSSR marker sets have been reported for C. deodara, an important Himalayan conifer.
The individuals tested belonged to two natural populations viz. Champawat forest division (latitide 39°20'N, longitude 80°07'E, altitude 1992 m) & Jageshwar forest division (latitide 39°38'N, longitude 79°51'E, altitude 1667 m) of C. deodara from field collection in Uttarakhand. Samples of DNA from the needles were extracted following CTAB protocol (DOYLE and DOYLE, 1990) . The extracted DNA was quantified and diluted to 30 ng/µl for further use in amplification reactions.
For amplification in C. deodara a total of 49 primer pairs (both nuclear and chloroplast) from C. atlantica (CHAIB et al., 2006) , P. thunbergii (VENDRAMIN et al., 1996) , P. resinosa (BOYS et al., 2005) , P. taeda (ZHOU et al., 2002) and P. sylvestris (PROVAN et al., 1999) were tested. Loci were initially screened for polymorphism by running PCR products for four individuals on polyacrylamide gel (8 %) and stained with ethidium bromide (500 µg/Litre). PCR amplification was carried out at 95°C, 5 min for initial denaturation, followed by 30 cycles of denaturing at 94°C for 1 min, primers annealing for 1 min, extension at 72°C for 1 min and then the final extension/termination at 72°C for 8 min. The PCR reaction mixture contained 30 ng template DNA, 0.2 mM of each dNTPs (Bangalore Genei, Bangalore, India), 3.0 mM of MgCl 2 , 0.2 µM of each of primer pair and 1 unit of Taq DNA Polymerase (Bangalore Genei, Bangalore, India) in a total volume of 15 µl. Amplification was considered positive when the primers yielded specific PCR products of expected size without multiple bands.
Out of the 49 primers tested, only 21 chloroplast primer pairs yielded amplification products of expected size in C. deodara and were selected for fluorescent labelling with 6-FAM and HEX at the forward primers. The labelled primers were further screened for polymorphisms using 100 samples collected from the two natural populations. For genotyping, the PCR products were electrophoresed along with GeneScan ROX 400 internal size standard on an ABI prism 3100 Genetic Analyser (Applied Biosystems). Allele sizes were assigned against the internal size standard and individuals were genotyped using GeneScan analysis software and Genotyper software version 3.7 (Applied Biosystems).
As chloroplast has haploid genomes that are paternally inherited in pines (NEALE and SEDEROFF, 1989; WATANO et al., 1996) , hence for the diversity measure, the chloroplast genome was regarded as a single nonrecombining locus and repeat length differences between individuals were scored as haplotypic variants over all cpSSR sites. The effective number of haplotypes for each population was calculated as ne = 1/(⌺pi 2 ), as well as the unbiased haplotype diversity as He = [n/(n-1)] (1-⌺pi 2 ), where pi is the frequency of i-th haplotype and n is the number of individuals analysed (NEI, 1987; AVISE, 1994; VENDRAMIN et al., 1998) .
Screening for polymorphism indicated that except for one (Pt102584) the other twenty loci were polymorphic. The characteristics of cpSSRs in C. deodara are summarized in Table 1 . The twenty cpSSR loci gave a total of 64 different variants among the 100 individuals of two populations surveyed. The 64 variants were combined into 70 different haplotypes, the frequency distribution of which is reported in Table 2 . Only two haplotypes were common to the two populations. The primer Pt102584 though yielded a sharp amplification but was found monomorphic hence can be discarded for further studies. The total haplotype diversity (He) in two populations was 0.860 (Jageshwar) and 0.876 (Champawat) with a mean of 0.868, which is comparable to the haplotypic diversity reported in Pinus pinaster (VENDRAMIN et al., 1998) and in Eastern North American Abies (CLARK et al., 2000) . CHAIB et al. (2006) tested the transferability of nSSRs developed in C. atlantica to C. deodara and reported four nSSR out of six to work in a single C. deodara sample. However, none of these nSSR worked in our 100 test samples representing two populations of C. deodara. QIAO et al. (2007) indicated that there are reasons to believe that transferability might be more difficult from C. atlantica to C. deodara than other species of the genus because of their distant phylogenetic relationship. The less transferability of genomic SSRs has also been reported earlier by CHAGNE et al. (2004) in pines. The percentage of chloroplast microsatellites successfully transferred from P. thunbergii and P. sylvestris was more as compared to the nuclear microsatellites transferred from P. taeda and P. resinosa in which either no amplification or very poor amplification was observed. The identified chloroplast microsatellite loci are currently being applied to survey the genetic diversity and unraveling the genetic structure of the populations of C. deodara forests of western Himalaya.
